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P r e f a c e  
Because o f  IIASA's g e n e r a l  i n t e r e s t  i n  computer  ne twork ing  
on t h e  one  hand and i n t e r n a t i o n a l  s c i e n t i f i c  c o o p e r a t i o n  on t h e  
o t h e r ,  a  number o f  i n v e s t i g a t i o n s  c o n c e r n i n g  t h e  i n t e r s e c t i o n  o f  
t h e s e  two f i e l d s  have  been conduc ted  r e c e n t l y ,  w i t h  p a r t i c i p a t i o n  
by s c i e n t i s t s  from t h e  Management and Technology Area and t h e  
Computer S c i e n c e  Group. * 
The p r e s e n t  memorandum i s  one  o f  two which a r e  b e i n g  i s s u e d  
s i m u l t a n e o u s l y ,  conce rned  w i t h  t h e  p o s s i b i l i t y  o f  u s i n g  computer  
ne tworks  and o t h e r  modern t e l ecommunica t ions  t e c h n o l o g i e s  i n  
d i r e c t  s u p p o r t  o f  team r e s e a r c h  p r o j e c t s  i n v o l v i n g  g e o g r a p h i c a l l y  
s c a t t e r e d  g roups  o f  s c i e n t i s t s .  I n  t h i s  volume w e  p r e s e n t  o v e r -  
a l l  c o n c e p t u a l ,  h i s t o r i c a l ,  and c o s t - a n a l y t i c  background f o r  such  
e f f o r t s ,  w h i l e  t h e  o t h e r  volume** g i v e s  c o n c r e t e  d e t a i l s  a b o u t  a  
s i g n i f i c a n t  IIASA e x p e r i m e n t  i n  t h i s  a r e a .  
A s l i g h t l y  expanded v e r s i o n  o f  t h i s  memorandum i s  t o  be 
p u b l i s h e d  soon i n  t h e  j o u r n a l  Te lecommunica t ions  P o l i c y ,  under  
t h e  t i t l e  " I n f o r m a t i o n a l  Networks f o r  I n t e r n a t i o n a l  Team Resea rch" .  
The a u t h o r s  acknowledge w i t h  g r a t i t u d e  t h e  s u g g e s t i o n s  and 
comments r e c e i v e d  d u r i n g  t h e  p r e p a r a t i o n  o f  t h i s  memorandum from 
R . C .  Tomlinson and o t h e r s  a t  IIASA, and from H . A .  L i n s t o n e .  
* F o r  an e a r l y  example see Study  o f  t h e  P o t e n t i a l  U s e  o f  I n f o r -  
m a t i c s  Technology on Problems o f  S c i e n t i f i c  and T e c h n o l o g i c a l  
C o o p e r a t i o n ,  p r e p a r e d  f o r  UNESCO (Laxenburg,  A u s t r i a :  IIASA, 
1 9 7 7 ) .  
**W. Rauch and R .  Randolph,  Computer -Ass is ted  P a n e l  S e s s i o n s  
(CAPS) : Review o f  an  Exper iment  i n  A c c e l e r a t e d  I n t e r n a t i o n a l  
T e l e c o n f e r e n c i n g  RM-78-49, (Laxenburg ,  A u s t r i a ,  I IASA),  1978. 
iii 

A b s t r a c t  
Three  phenomena p l a y i n g  a n  i n c r e a s i n g  r o l e  i n  modern s c i e n c e  
a r e  team r e s e a r c h  (TR) ,  i n t e r n a t i o n a l  s c i e n t i f i c  c o o p e r a t i o n  
( I S C ) ,  and t h e i r  i n t e r s e c t i o n - - i n t e r n a t i o n a l  team r e s e a r c h  ( I T R ) .  
Each f a c e s  numerous p rob lems ,  however ,  and it i s  o b s e r v e d  t h a t  
t h e  problems o f  TR and ITR a r e  n o t  i d e n t i c a l .  T h i s  i s  e s p e c i a l l y  
s o  r e g a r d i n g  problems o f  i n t r a - t e a m  communicat ion.  
S t a r t i n g  from a  g e n e r a l  s c h e m a t i c  v iew o f  t h e  s t r u c t u r e  o f  
s c i e n t i f i c  communicat ion,  c o n c l u s i o n s  a r e  drawn a b o u t  t h e  a l t e r -  
n a t i v e  modes o f  communication p o s s i b l e  i n  ITR. Four  b a s i c  modes 
a r e  i d e n t i f i e d ,  two o f  which r e l y  on t h e  u s e  o f  te lecomrnuncat ions .  
Q u a l i t a t i v e  c o s t s  and b e n e f i t s  a r e  d i s c u s s e d ,  based  on t h e  a u t h o r s '  
p r a c t i c a l  e x p e r i e n c e s  i n  ITR, and t e n t a t i v e  c o s t  c a l c u l a t i o n s  are 
p r e s e n t e d  f o r  s e v e r a l  h y p o t h e t i c a l  communicat ion c o n f i g u r a t i o n s .  
E l e c t r o n i c  s o l u t i o n s  t o  t h e  problem o f  communicat ion i n  ITR 
a r e  shown t o  b e  n e i t h e r  i n e x p e n s i v e  n o r  p rob lem- f ree  b u t ,  f o r  
some a p p l i c a t i o n s  a t  l e a s t ,  p o t e n t i a l l y  v a l u a b l e  a s  a n  a d j u n c t  
t o  more c o n v e n t i o n a l  n o n - e l e c t r o n i c  s o l u t i o n s .  
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A l t e r n a t i v e  Communication Modes i n  I n t e r n a t i o n a l  Team Resea rch  
1 . TEAM RESEARCH (TR) 
I t  c o u l d  be a rgued  t h a t  s c i e n c e  i s  and a lways  h a s  been a  
c u m u l a t i v e  " team" a c t i v i t y ,  i n  t h e  s e n s e  t h a t  e a c h  ach ievemen t  
i n e v i t a b l y  f o l l o w s  from and b u i l d s  on p r e v i o u s  work much more 
d i r e c t l y  t h a n  i s  t h e  c a s e  f o r  c r e a t i v e  endeavor  o f  o t h e r  t y p e s . [ l l  
True team r e s e a r c h ,  however ,  i s  a  f a i r l y  r e c e n t  phenomenon, i f  
by t h i s  w e  mean r e s e a r c h  work per formed by a  c o n s c i o u s l y  i n t e r -  
a c t i n g  g roup  o f  s c i e n t i s t s . [ i ! ]  Wi th in  l i v i n g  memory, i n d i v i d u a l  
r e s e a r c h  was t h e  r u l e ,  o r  a t  most r e s e a r c h  by a  c l o s e l y  c o l l a b o -  
r a t i n g  p a i r  o f  s c i e n t i s t s ;  b u t  i n  t h e  p a s t  few d e c a d e s ,  f u l l - s c a l e  
team r e s e a r c h  h a s  become t h e  dominant  s c i e n t i f i c  s t y l e  i n  many 
f i e l d s . [ 3 1  T h i s  h a s  come a b o u t  because  o f  a t  l e a s t  t h r e e  key 
f a c t o r s :  ( 1 )  t h e  " i n f o r m a t i o n  e x p l o s i o n " ,  which h a s  n e c e s s i t a t e d  
e v e r - g r e a t e r  s p e c i a l i z a t i o n  o f  e a c h  s c i e n t i s t ' s  knowledge and  h a s  
t h u s  r e q u i r e d  c o l l a b o r a t i o n  w i t h  o t h e r s  h a v i n g  complementary back- 
g rounds ;  ( 2 )  t h e  emergence and  i n s t i t u t i o n a l i z a t i o n  o f  a p p l i e d  
s c i e n c e ,  i n  which p r o j e c t s  a r e  u s u a l l y  m o t i v a t e d  by exogenous  
" s o c i e t a l "  needs  and  s o  c a n n o t  be na r rowly  l i m i t e d  t o  s u b j e c t  mat- 
t e r  i n  which t h e  i n d i v i d u a l  r e s e a r c h e r  i s  a l r e a d y  e x p e r t ;  and  ( 3 )  
t h e  i n c r e a s i n g  s i z e ,  c o m p l e x i t y ,  and c o s t  o f  s c i e n t i f i c  mach ine ry ,  
d a t a  banks ,  and o t h e r  s u p p o r t  f a c i l i t i e s .  [4] 
N a t u r a l l y ,  t h e  main v a l u e  o f  team r e s e a r c h  i s  t h a t  it o f f e r s  
a  s o l u t i o n  t o  t h e  d i f f i c u l t i e s  ment ioned  above ,  which would be  
v i r t u a l l y  i n s o l u b l e  f o r  any s c i e n t i s t  working  a l o n e .  I n  a d d i t i o n ,  
however,  i t  h a s  been  s u g g e s t e d  t h a t  TR may have  t h e  e f f e c t  o f  sub-  
s t i t u t i n g  a  un ique  combina t ion  o f  i n d i v i d u a l  a b i l i t i e s  f o r  t h e  
s h e e r  power o f  i n d i v i d u a l  i n t e l l e c t  a s  a  b a s i s  f o r  s c i e n t i f i c  
b r e a k t h r o u g h s . [ 5 ]  T h a t  i s ,  g r e a t  advances  may now b e  made by 
g roups  o f  p e o p l e  none o f  whom a r e  i n d i v i d u a l l y  a s  b r i l l i a n t  a s  a  
C o p e r n i c u s ,  a  Newton, a n  E i n s t e i n .  The r e s u l t  i s ,  i n  a  s e n s e ,  
t h e  " d e m o c r a t i z a t i o n "  o f  s c i e n c e - - a  t r e n d  which many p e o p l e  may 
f i n d  e t h i c a l l y  p l e a s i n g .  
D e s p i t e  i t s  o b v i o u s  a d v a n t a g e s ,  t eam r e s e a r c h  a l s o  p r e s e n t s  
numerous u n i q u e  d i f f i c u l t i e s  which have  t o  be  overcome i f  e f f e c -  
t i v e  team pe r fo rmance  i s  t o  be a c h i e v e d .  I n  p a r t i c u l a r ,  TR de-  
pends h e a v i l y  o n  t h e  w i l l i n g n e s s  o f  t h e  team members t o  c o o p e r a t e  
and  on t h e  t e c h n i c a l  p o s s i b i l i t i e s  o f  communication w i t h i n  t h e  
team. 161 
2 .  INTERNATIONAL SCIENTIFIC COOPERATION (ISC) 
Many a u t h o r s  have  a r g u e d  t h a t ,  " i n  c o n c e p t  and s p i r i t " ,  
s c i e n c e  i s  and a lways  h a s  been i n t e r n a t i o n a l .  Such a u t h o r s  a s s e r t  
t h a t  a l l  s c i e n t i s t s  everywhere  a r e  a d d i n g  s t o n e s  t o  t h e  same g r e a t  
e d i f i c e - - m a n ' s  knowledge o f  t h e  u n i v e r s e .  A s  Jean - Jacques  Salomon 
h a s  p u t  i t  ( p e r h a p s  somewhat e x t r e m e l y ) :  "There  c a n  be  o n l y  one  
s c i e n t i f i c  community, which i s  t h e r e f o r e  bound t o  be  i n t e r n a t i o n a l  
. . . "  [61 
The r e a s o n s  f o r  i n t e r n a t i o n a l  s c i e n t i f i c  c o o p e r a t i o n ,  how- 
e v e r ,  a r e  p r a c t i c a l  a s  w e l l  a s  p h i l o s o p h i c a l .  A s  s c i e n t i f i c  i n -  
v e s t i g a t i o n s  have become more and  more complex and  c o s t l y  i n  r e -  
c e n t  y e a r s ,  a l l  c o u n t r i e s  have  begun t o  c o n f r o n t  l i m i t a t i o n s  on 
t h e  r e s c u r c e s  which t h e y  c a n  make a v a i l a b l e  f o r  s c i e n c e .  Two 
complementary r e s p o n s e s  a r e  p o s s i b l e  i n  s u c h  a  s i t u a t i o n :  concen-- 
t r a t i o n  o f  r e s o u r c e s  on a r e l a t i v e l y  s m a l l  number o f  s c i e n t i f i c  
p rob lems ,  and " e x t e n s i o n  o f  r e s o u r c e s "  t h r o u g h  i n t e r n a t i o n a l  co- 
o p e r a t i o n . [ 8 ]  The r e s o u r c e  l i m i t a t i o n  problem i s  e s p e c i a l l y  
s e v e r e  f o r  t h e  s m a l l e r  and p o o r e r  c o u n t r i e s ,  o f  c o u r s e ,  b u t  i t  
a f f e c t s  t h e  g i a n t s  a s  w e l l .  I t  i s  t h u s  a n  o f f i c i a l  a r t i c l e  o f  
Un i t ed  S t a t e s  f o r e i g n  p o l i c y  t o  promote i n t e r n a t i o n a l  c o o p e r a t i o n  
i n  s c i e n c e  s o  a s  t o  a v o i d  u n n e c e s s a r y  d u p l i c a t i o n  o f  r e s e a r c h  
work and t h u s  c o n s e r v e  s c a r c e  r e s o u r c e s . [ 9 ]  T h i s  i s  undoub ted ly  
t r u e  f o r  o t h e r  c o u n t r i e s  a s  w e l l . .  
Perhaps  even  more impor tan t . ,  ISC i s  a  way t o  improve under -  
s t a n d i n g  and  r e d u c e  t e n s i o n  between n a t i o n s .  T h i s  t r u t h  h a s  been 
r e c o g n i z e d  n o t  o n l y  i n  t h e  s t a t e m e n t s  o f  i n d i v i d u a l  governments  
b u t  a l s o  i n  i n t e r n a t i o n a l  ag reemen t s  s u c h  a s  t h e  r e c e n t  H e l s i n k i  
d e c l a r a t i o n  a n d ,  e a r l i e r ,  t h e  1958 D e c l a r a t i o n  o f  Vienna:  
The a b i l i t y  o f  s c i e n t i s t s  a l l  o v e r  t h e  wor ld  t o  
u n d e r s t a n d  one  a n o t h e r  and  t o  work t o g e t h e r  i s  a n  ex-  
c e l l e n t  i n s t r u m e n t  f o r  b r i d g i n g  t h e  g a p  between 
n a t i o n s  and  f o r  u n i t i n g  them around common a i m s . [ l O I  
U n f o r t u n a t e l y ,  ISC a l s o  f a c e s  numerous d i f f i c u l t i e s .  On t h e  
most  p r a c t i c a l  l e v e l ,  t h e r e  are c u l t u r a l  and  l anguage  b a r r i e r s  t o  
e f f e c t i v e  c o o p e r a t i o n . [ l l l  I t  i s  much more s e r i o u s  t h a t  IS2  h a s  
o f t e n  e n c o u n t e r e d  p rob lems  on t h e  l e v e l  o f  i n t e r n a t i o n a l  p o l i t i c s .  
A t  t h e  v e r y  l e a s t ,  c o u n t r i e s  t o d a y  r e c o g n i z e  t h e  impact  o f  s c i e n c e  
on n a t i o n a l  p r e s t i g e ,  economic growth ,  i n d u s t r i a l  and  t r a d e  p a t -  
t e r n s ,  c u l t u r a l  v a l u e s ,  and  s o  f o r t h .  The re  i s  a s  a  r e s u l t  a n  
i n e s c a p a b l e  t e n s i o n  between c o o p e r a t i o n  and  c o m p e t i t i o n .  
And y e t ,  a s  w e  have s e e n ,  ISC i s  a n  i n t e g r a l  p a r t  o f  t h e  
f o r e i g n  p o l i c y  o f  many c o u n t r i e s .  I n  a  s e n s e  t h i s  may b e  a n  ad-  
vanta-ge l  because  ISC w i l l  no l o n g e r  have t o  b e  o r g a n i z e d  s o l e l y  
by t h e  s c i e n t i s t s  t h e m s e l v e s  b u t  w i l l  i n s t e a d  have governmenta l  
s u p p o r t .  [ I21  
3 .  INTERNATIONAI, TEAM RESEARCH (ITR) 
Team r e s e a r c h  o n  a n  i n t e r n a t i o n a l  s c a l e  i s  n o t  any  more a  
dream o n l y ,  it h a s  become a  r e a l i t y - - e v e n  i f  w e  a r e  a t  p r e s e n t  
i n  t h e  v e r y  f i r s t  s t a g e  o f  deve lopment .  I n  t h e  framework o f  t h e  
i n t e r n a t i o n a l  economic c o o p e r a t i o n  among t h e  s o c i a l i s t  c o u n t r i e s ,  
f o r  i n s t a n c e ,  m u l t i l a t e r a l  s c i e n t i f i c  and t e c h n o l o g i c a l  l i n k s  
have been e s t a b l i s h e d , [ 1 3 ]  and s i m i l a r  p a t t e r n s  e x i s t  among non- 
s o c i a l i s t  c o u n t r i e s  a s  w e l l .  The s e c r e t a r i a t  of  t h e  Uni ted  Na- 
t i o n s  Economic and S o c i a l  Counci l  h a s  even n o t e d  " t h a t  a  number 
of p r o j e c t s  have been under taken i n  r e c e n t  y e a r s  by major  i n t e r -  
n a t i o n a l  o r g a n i z a t i o n s  such a s  t h e  Counci l  f o r  Mutual Economic 
A s s i s t a n c e  (CMEA) and t h e  O r g a n i z a t i o n  f o r  Economic Coopera t ion  
and Development (OECD)  t o  d e f i n e  g u i d i n g  p r i n c i p l e s  f o r  t h e  o rga -  
n i z a t i o n  o f  c o o p e r a t i v e  r e s e a r c h " .  [ 141 
N e v e r t h e l e s s ,  I T R  i s  a t  p r e s e n t  n o t  y e t  r ega rded  a s  a  s p e c i a l  
t o p i c  o f  i n v e s t i g a t i o n  and does n o t  a t  a 1 1  r e c e i v e  t h e  a t t e n t i o n  
it shou ld  have.  Th i s  s i t u a t i o n  i s  u n f o r t u n a t e ,  because  it i s  n o t  
l i k e l y  t h a t  worldwide i n t e r n a t i o n a l  team r e s e a r c h  w i l l  be  success -  
f u l  i f  s imply  performed w i t h  methods and o r g a n i z a t i o n a l  schemes 
o r i g i n a l l y  i n t e n d e d  f o r  o t h e r  c i r c u m s t a n c e s  ( e . g . ,  n a t i o n a l  sci-  
e n t i f i c  r e s e a r c h  i n s t i t u t i o n s ) .  Many problems w i t h  which I T R  i s  
conf ron ted  a l r e a d y  e x i s t  i n  l o c a l  o r  r e g i o n a l  r e s e a r c h  f a c i l i t i e s ,  
bu t  t h e y  a r e  n o t  s o  p r e s s i n g ,  s imply because  o f  t h e  s m a l l e r  dimen- 
s i o n s .  Ac tua l  worldwide i n t e r n a t i o n a l  team r e s e a r c h  c r e a t e s  by 
i t s  " q u a n t i t y "  a  need f o r  new " q u a l i t i e s "  i n  t e c h n i c a l  and orga-  
n i z a t i o n a l  means f o r  s c i e n t i f i c  c o o p e r a t i o n  and communication. 
A MODEL FOR SCIENTIFIC COPlIMUNICATION PATTERNS 
- 
I n  o r d e r  t o  unders tand  t h e  s p e c i a l  communication needs  of  
I T R ,  it may be u s e f u l  t o  beg in  by examining t h e  b a s i c  s t r u c t u r e s  
of  s c i e n t i f i c  communication i n  g e n e r a l . [ l 5 ]  
A s imple  scheme f o r  t h e  f low of  i n f o r m a t i o n  w i t h i n  a n  iso- 
l a t e d  s c i e n c e  (S)  i s  shown i n  F i g u r e  1 .  ( I n )  and ( O t )  a r e  t h e  
I n p u t  and Output  c h a n n e l s  o f  t h i s  system which e s t a b l i s h  a  con- 
n e c t i o n  between t h i s  i s o l a t e d  s c i e n t i f i c  f i e l d  and t h e  s u r r o u n d i n g  
socio-economic sys tem,  r e s o u r c e s ,  g o a l  o r i e n t a t i o n s ,  e t c .  These 
i n p u t  and o u t p u t  f lows i n c l u d e  m a t e r i a l  f a c t o r s  a s  w e l l  a s  i n t e l -  
l e c t u a l  ones .  
The f low o f  i n f o r m a t i o n  between t h e  s c i e n c e  (S) and t h e  ob- 
j e c t  o f  i n v e s t i g a t i o n  (Ob) can  be s e p a r a t e d  i n t o  t h r e e  d i f f e r e n t  
p a r t s :  F  and F '  s t a n d  f o r  t h e  i n f o r m a t i o n  abou t  f a c t s  which i s  
known t o  t h e  s c i e n c e  b e f o r e  and a f t e r  i n v e s t i g a t i n g  t h e  o b j e c t .  
M and M '  r e p r e s e n t  t h e  i n f o r m a t i o n  on methods,  t e c h n i q u e s ,  and 
means which a r e  used by t h e  s c i e n c e  b e f o r e  and a f t e r  working w i t h  
t h e  o b j e c t .  C and C '  s t a n d  f o r  i n f o r m a t i o n  on c o n c e p t s ,  i d e a s ,  
and t h e o r i e s  which have been a c c e p t e d  by s c i e n c e  S  b e f o r e  and 
a f t e r  i n v e s t i g a t i n g  t h e  o b j e c t .  
I t  shou ld  be mentioned t h a t  i n  d e s c r i p t i v e  s c i e n c e s  t h e  f low 
F  w i l l  be most i n t e n s i v e ,  i n  t h e o r e t i c a l l y  o r i e n t e d  o r  s t r o n g l y  
f o r m a l i z e d  s c i e n c e s  t h e  f low C ,  and i n  e x p e r i m e n t a l  or  a p p l i e d  
s c i e n c e s  N and F  j o i n t l y .  I t  cou ld  be n o t e d  t h a t  t h e  i n t e n s i t y  
o f  e a c h  o f  t h e  f lows o f  i n f o r m a t i o n  h a s  i t s  h i s t o r i c a l l y  changing 
r e a s o n s  and r o l e s .  
F i g u r e  1 
I n  c a s e  two d i f f e r e n t  s c i e n c e s  a r e  s t u d y i n g  t h e  same o b j e c t ,  
t h e y  can  s t i l l  remain  r e l a t i v e l y  i n d e p e n d e n t  a s  F i g u r e  2 shows 
( e . g . ,  i f  p h y s i c s  and s o c i o l o g y  b o t h  i n v e s t i g a t e  a n  advanced 
r a i l w a y  sys t em)  . 
I n  c a s e  o f  r e a l  team r e s e a r c h ,  t h e  i n v o l v e d  p a r t n e r s  must  
have m u t u a l l y  a c c e p t e d  c o n c e p t s ,  must use  comparable  methods,  and  
have t o  be f a m i l i a r i z e d  n o t  o n l y  w i t h  f i n a l  c o n c l u s i o n s  b u t  w i t h  
i n t e r m e d i a t e  r e s e a r c h  f i n d i n g s  a s  w e l l .  T h i s  means t h a t  i n  e v e r y  
s t a g e  o f  t h e  r e s e a r c h  a c t i v i t y  a  s t r o n g  f l o w  o f  i n f o r m a t i o n  o f  F, 
M I  and C w i l l  have t o  t a k e  p l a c e  among a l l  team members (see 
F i g u r e  3 ) .  
I t  s h o u l d  be k e p t  i n  mind t h a t  e f f e c t i v e  i n f o r m a t i o n a l  ex-  
change among a l l  p a r t i c i p a t i n g  s c i e n t i s t s  i s  t h e  main advan tage  
and t h e  v e r y  aim o f  i n t e r n a t i o n a l  team r e s e a r c h .  D i f f e r e n t  s t a g e s  
of  t h e  r e s e a r c h  p r o c e s s  r e q u i r e  d i f f e r e n t  communication modes . [ l61  
I d e n t i f y i n g  t h e  ma jo r  d a t a  s o u r c e s  and a n a l y t i c  methods and  assem- 
b l i n g  t h e  p a r t i c i p a n t s  c a n  p r o b a b l y  be per formed a d e q u a t e l y  v i a  
c o n v e n t i o n a l  communicat ion media l i k e  m a i l  o r  t e l e x .  The formula-  
t i o n  of  r e q u i r e m e n t s  and g o a l s ,  h y p o t h e s i z i n g  a  s t r u c t u r e  f o r  
f i n a l  r e s ~ l l t s ,  and t e s t i n g  f i n d i n g s  w i l l  need  t h e  s t r o n g e s t  and 
n e a r e s t  communicat ion.  
Figure 3 
5 .  CONSEQUENCES FOR THE COMYUNICATION PATTERNS USED I N  ITR 
T h i s  d i s t i n c t i o n  between d i f f e r e n t  t y p e s  o f  i n f o r m a t i o n  f l o w  
shows why many e x i s t i n g  coinrriunication c h a n n e l s  a r e  n o t  s u i t a b l e  
f o r  ITR. A l l  one-way communica t ions ,  l i k e  p u b l i c a t i o n s  o r  l e c -  
t u r e s  i n  f r o n t  o f  a l a r g e  a u d i e n c e ,  d o  n o t  a l l o w  f o r  a c t u a l  ex -  
change  o f  i n f o r m a t i o n  and  s h o u l d  t h e r e f o r e  n o t  b e  r e g a r d e d  a s  team 
a c t i v i t y  a t  a l l .  Duplex- type  c h a n n e l s  ( a l l o w i n g  s i m u l t a n e o u s  two-- 
way communica t ion)  o r  a t  l e a s t  s emi -dup lex  o n e s  (two-way b u t  n o t  
s i m u l t a n e o u s )  seem t o  b e  a  n e c e s s a r y  p r e c o n d i t i o n  f o r  any  team 
a c t i v i t y .  Y e t  n o t  e v e n  e v e r y  communicat ion c h a n n e l  o f  t h e  d u p l e x  
o r  s emi -dup lex  t y p e  i s  a d e q u a t e .  Very s i m p l e  s emi -dup lex  chan-  
n e l s ,  s u c h  a s  l e t t e r s ,  a r e  a b l e  t o  t r a n s m i t  f a c t s  and t o  a  c e r t a i n  
d e g r e e  me thods ,  b u t  it i s  v e r y  d i f f i c u l t  i f  n o t  i m p o s s i b l e  t o  com- 
m u n i c a t e  a b o u t  complex c o n c e p t s  v i a  l e t t e r - e x c h a n g e  i n  a  r e a s o n -  
a b l e  t i m e  p e r i o d .  S i m i l a r l y ,  t h e  f u l l - d u p l e x  t e l e p h o n e  c o n n e c t i o n  
i s  a  communica t ion  c h a n n e l  which  c o u l d  be u sed  t o  exchange  con- 
c e p t s ,  b u t  it i s  v e r y  d i f f i c u l t  t o  exchange  d a t a  a n d / o r  methods  
v i a  normal  t e l e p h o n e  c a l l s .  
Tak ing  i n t o  a c c o u n t  o n l y  e c o n o m i c a l l y  and  t e c h n o l o g i c a l l y  
m e a n i n g f u l  a l t e r n a t i v e s ,  w e  end  up w i t h  f o u r  d i f f e r e n t  methods  o f  
communicat ion s u i t a b l e  f o r  ITR, a s  shown i n  F i g u r e  4 .  
The d i s t i n c t i o n  between s h o r t - t e r m  and l o n g - t e r m  a c t i v i t i e s  
seems v e r y  i m p o r t a n t  t o  u s ,  b e c a u s e  c o m p l e t e l y  d i f f e r e n t  q u e s t i o n s  
s h o u l d  b e  t r e a t e d  i n  e i t h e r  o f  t h e s e  two fo rms .  The exchange  o f  
e x i s t i n g  c o n c e p t u a l i z a t i o n s ,  me thods ,  and  f i n d i n g s ,  d i s c u s s i o n  o f  
q u e s t i o n s  o f  t e r m i n o l o g y ,  e t c . ,  c a n  o f t e n  b e  a c c o m p l i s h e d  i n  p e r i -  
o d s  a s  s h o r t  a s  a  few d a y s .  But  l a r g e  r e s e a r c h  p r o j e c t s  which  i n -  
v o l v e  deve lopmen t  o f  new i d e a s  o r  me thods ,  f i e l d  work ,  d a t a -  
g a t h e r i n g ,  e t c . ,  c a n  h a r d l y  b e  done i n  a  t i m e  less t h a n  s e v e r a l  
months .  
The d i s t i n c t i o n  be tween  l o c a l  and  d i s p e r s e d  v a r i a n t s  may b e  
less  f a m i l i a r  t o  many r e a d e r s  b u t  i s  n e v e r t h e l e s s  v i t a l l y  impor-  
t a n t  b e c a u s e  of  i t s  d i r e c t  i m p a c t  on  t h e  c h o i c e  o f  communicat ion 
c h a n n e l s  t o  be  u sed  f o r  ITR. I n  c a s e  o f  l o c a l  v a r i a n t s ,  f a c e - t o -  
f a c e  communica t ion  i s  p o s s i b l e ,  w h e r e a s  a l l  d i s p e r s e d  forms need  
s o p h i s t i c a t e d  t e c h n o l o g i c a l  means! 
SHORT-TERM ITR 
( s e v e r a l  d a y s )  
I- -- 
LONG-TERY ITR 
( s e v e r a l  mon ths )  1 
LOCAL FORM 
( a l l  p a r t i c i p a n t s  a t  
o n e  p l a c e )  
F i g u r e  4 
DISPERSED FORM 
( p a r t i c i p a n t s  a t  
d i f f e r e n t  l o c a t i o n s )  
The i n t e r n a t i o n a l  
s c i e n t i f i c  m e e t i n g  
The i n t e r n a t i o n a l  
r e s e a r c h  i n s t i t u t e  
CAPS 
(Computer A s s i s t e d  
P a n e l  S e s s i o n s )  
CAITR 
(Computer A s s i s t e d  
International 
Team R e s e a r c h )  
6 .  YETHODS FOR INTERNATIONAL TEAii RESEARCH 
I n  a c c o r d a n c e  w i t h  F i g u r e  4 w e  now want  t o  e x p l a i n  wha t  w e  
t h i n k  a b o u t  t h e  d i f f e r e n t  fo rms  o f  ITR and  t o  r e p o r t  o n  o u r  p r a c -  
t i c a l  e x p e r i e n c e  w i t h  them.  
6 . 1  I n t e r n a t i o n a l  S c i e n t i f i c  .- M e e t i n g s  
P e r h a p s  b e c a u s e  o f  i n c r e a s i n g  need  f o r  e f f e c t i v e  i n t e r n a t i o n -  
a l  c o m m u n i c a t i o n s ,  o r  p e r h a p s  j u s t  b e c a u s e  o f  i m p r o v i n g  p o l i t i c a l  
c o n d i t i o n s ,  t h e  number o f  i n t e r n a t i o n a l  s c i e n t i f i c  m e e t i n g s  h e l d  
e a c h  y e a r  h a s  i n c r e a s e d  r a p i d l y  o v e r  t h e  p a s t  two d e c a d e s .  A l -  
t h o u g h  few a t t e m p t s  h a v e  b een  made t o  a n a l y z e  s u c h  t r e n d s ,  it ap -  
p e a r s  t h a t  i n  t h e  f i r s t  p o s t w a r  d e c a d e  t h e  a n n u a l  c o u n t  o f  m e e t -  
i n g s  s t a y e d  f a i r l y  c o n s t a n t .  Then a t  t h e  t i m e  o f  t h e  I i i t e r n a t i o n -  
a1 G e o p h y s i c a l  Year (1  957-58) i t  jumped a b o u t  2 5 % ,  a n d  i n  t h e  f o l -  
l ow ing  d e c a d e  i t  a l m o s t  d o u b l e d .  [ I  71 Q u i t e  p r o b a b l y  it h a s  a l s o  
c o n t i n u e d  t o  grow i n  t h e  1 9 7 0 s ,  a l t h o u g h  no  a n a l y s i s  o f  t h i s  p e r i o d  
h a s  come t o  t h e  a u t h o r s '  a t t e n t i o n .  Ample d a t a  f o r  s u c h  a n a l y s i s  
d o e s  e x i s t ,  i n  t h e  fo rm o f  c a l e n d a r s  and  d i r e c t o r i e s  of i n t e r n a -  
t i o n a l  m e e t i n g s , [ l 8 1  a n d  many i n t e r e s t i n g  q u e s t i o n s  c o u l d  b e  ex -  
p l o r e d  t h r o u g h  q u a n t i t a t i v e  s t u d y  o f  t h e s e  d a t a .  
6 . 2  I n t e r n a t i o n a l  S c i e n t i f i c  L a b o r a t o r i e s  
I n  t h e  p a s t ,  r e l a t i v e l y  few i n t e r n a t i o n a l  s c i e n t i f i c  o r g a n i -  
z a t i o n s  h av e  h ad  t h e i r  own r e s e a r c h  f a c i l i t i e s  where  t r u e  t e a m  
r e s e a r c h  c o u l d  t a k e  p l a c e .  The f i r s t  h i s t o r i c a l  examp le  o f  t h i s  
k i n d  was t h e  l a b o r a t o r y  o f  t h e  I n t e r n a t i o n a l  Bureau  o f  We igh t s  
and  M e a s u r e s ,  e s t a b l i s h e d  i n  t h e  mid-19 th  c e n t u r y .  
More r e c e n t l y ,  however ,  t h e  number o f  l a b o r a t o r i e s  and  sta- 
t i o n s  wh e r e  ITR t a k e s  p l a c e  h a s  grown c o n s i d e r a b l y .  One o f  t h e  
most  a m b i t i o u s  a c t u a l  i n t e r n a t i o n a l .  i n s t i t u t e s  i s  t h e  I n t e r n a t i o n -  
a l  I n s t i t u t e  f o r  A p p l i e d  Sys t ems  A n a l y s i s . [ l 9 ]  
6 . 3  New Technoloav-Based  O ~ t i o n s  
A s  w e  h a v e  s e e n ,  t h e  f i r s t  two me thods  f o r  ITR ( i n t e r n a t i o n a l  
m e e t i n g s  a n d  i n s t i t u t i o n s )  h a v e  a  r e l a t i v e l y  s h o r t  h i s t o r y  a n d ,  
e s p e c i a l l y  i n  t h e  c a s e  o f  ITR on a  wor ldwide  scale ,  d o  n o t  o c c u r  
s o  f r e q u e n t l y  a s  o n e  m i g h t  s u p p o s e .  Even s o ,  it  i s  a  common c h a r -  
a c t e r i s t i c  o f  b o t h  o f  them,  t h a t  t h e y  depend  on a  t r a d i t i o n a l ,  
v e r y  s i m p l e ,  b u t  v e r y  e x p e n s i v e  fo rm o f  communicat ion--namely 
t r a v e l .  These  o l d  f a s h i o n e d  methods  o f  ITR have  p r o v e n  t h e i r  u s e -  
f u l n e s s .  B u t  i t  i s  i n e s c a p a b l e  t h a t  l i m i t a t i o n s  on t i m e ,  t r a v e l  
money, e t c . ,  r e d u c e  t h e  power  o f  t h e s e  mechanisms t o  s a t i s f y  a l l  
o f  t h e  s c i e n t i s t ' s  g e n u i n e  i n f o r m a t i o n  n e e d s .  
Modern t e l e c o m m u n i c a t i o n s  t e c h n o l o g y  o f f e r s  a v a r i e t y  o f  pos -  
s i b i l i t i e s  f o r  e l e c t r o n i c  i n t e r c o n n e c t i o n  o f  s c i e n t i s t s .  V a r i o u s  
media  ( p r i n t ,  v o i c e ,  a n d  v i d e o )  have  been  t r i e d  s i n g l y  and  i n  
contbinat ion f o r  pci-L~oses of  t h i s  k i n d ,  and  a l t h o u g h  much work re-  
mains t o  b e  done i n  in ln imiz ing  c o s t  and maximizing e f f e c t i v e n e s s ,  
r e s u l t s  s o  f a r  have been p r o m i s i n g .  
6 . 4  C A I T R  
One o f  t h e  most  e x c i t i n g  new means o f  l o n g - d i s t a n c e  human 
communication t o  emerge i n  r e c e n t  y e a r s  h a s  been computer-based 
t e l e c o n f e r e n c i n g ,  whose a p p l i c a t i o n  i n  m u l t i n a t i o n a l  s c i e n t i f i c  
c o l l a b o r a t i o n  w e  r e f e r  t o  a s  "CAITR" : Computer A s s i s t a n c e  f o r  
I n t e r n a t i o n a l  Team R e s e a r c h .  
A s  computer-communication ne tworks  have  become i n c r e a s i n g l y  
widesp read  i n  t h e  p a s t  d e c a d e ,  numerous a t t e m p t s  a t  "computer  con- 
f e r e n c i n g "  have been made-- tha t  i s ,  human c o n f e r e n c i n g  w i t h  t h e  
computer a s  an i n t e r m e d i a r y .  Most such  a t t e m p t s  have n a i v e l y  
s o u g h t  t o  mimic f a c e - t o - f a c e  c o n v e r s a t i o n a l  communicat ion p a t t e r n s ,  
t h u s  i g n o r i n g  t h e  c o m p u t e r ' s  immense p o t e n t i a l  f o r  p u r p o s e f u l  
m a n i p u l a t i o n  n o t  a n l y  o f  i n f o r m a t i o n  b u t  a l s o  o f  t h e  communicat ion 
p r o c e s s  i t s e l f .  N e v e r t h e l e s s ,  "computer  c o n f e r e n c i n g "  sys t ems  
have been p u t  t o  good use  by a  c o n s i d e r a b l e  v a r i e t y  o f  academic  
i n s t i t u t i o n s ,  c o r p o r a t i o n s ,  and  government  a g e n c i e s  i n  s e v e r a l  
c o u n t r i e s .  F o r  i n s t a n c e ,  when such  a  s y s t e m  was made a v a i l a b l e  
t o  t h e  U.S. N a t i o n a l  A e r o n a u t i c s  and Space  A d m i n i s t r a t i o n ,  NASA 
used  it t o  f a c i l i t a t e  c o o r d i n a t i o n  among p r o j e c t  h e a d s  conce rned  
w i t h  t h e  deve lopment  o f  a  new s a t e l l i t e ,  and  a l s o  used  it i n  a  
t e c h n o l o g y  a s s e s s m e n t  s t u d y  r e g a r d i n g  f u t u r e  t r a n s p o r t a t i o n  s y s -  
t e m s .  Comparison w i t h  an  a u d i o  c o n f e r e n c i n g  s y s t e m  found t h e  
computer-based i n t e r a c t i o n  t o  b e  s u p e r i o r  i n  a  v a r i e t y  o f  ways: 
f o r  i n s t a n c e ,  it was o b s e r v e d  t o  i n c r e a s e  t h e  g r o u p  i n t e r a c t i o n ,  
promot ing  a c t i v e  p a r t i c i p a t i o n  by a l l  team mernbers.[201 
N a t u r a . l l y ,  computer -based  communicat ion sys t ems  f a c e  a  number 
o f  un ique  d i f f i c u l t i e s .  I n  s i g n i f i c a n t  ways t h e y  do  n o t  and can-  
n o t  s u b s t i t u t e  e x a c t l y  f o r  f a c e - t o - f a c e  i n t e r a c t i o n .  A s  w i t h  any  
computer  s y s t e m ,  it i s  d i f f i c u l t  t o  make them f u l l y  f o o l p r o o f  and  
t h u s  r e a d i l y  u s a b l e  by p e r s o n s  l a c k i n g  p r i o r  computer  e x p e r i e n c e .  
But c u r r e n t  s y s t e m  development  e f f o r t s  a r e  aimed p r e c i s e l y  a t  c i r -  
cumvent ing  t h e s e  and  o t h e r  d i f f i c u l t i e s ,  g o i n g  t o  such  l e n g t h s  a s  
t h e  d e s i g n i n g  o f  e n t i r e l y  new t y p e s  o f  computer  t e r m i n a l  equipment  
s p e c i a l l y  a d a p t e d  f o r  communicat ion u s e  by computer -na ive  i n d i v i d -  
u a l s .  I t  seems l i . k e l y  t h a t  s u c h  s y s t e m s  w i l l  e v e n t u a l l y  be l i t t l e  
more d i f f i c u l t  t o  u s e  t h a n  t h e  t e l e p h o n e .  
I f  t h i s  e x p e c t a t i o n  p r o v e s  t r u e ,  it w i l l  g r e a t l y  i n c r e a s e  t h e  
f e a s i b i l i t y  o f  f u l l - s c a l e  C A I T R .  And t h i s  i n  t u r n  c o u l d  add  a  new 
d imens ion  t o  t h e  c o m p u t e r ' s  r o l e  i n  modern s c i e n c e ,  c o r r o b o r a t i n g  
i n  a  new way t h e  v iews  o f  t h o s e  who, l i k e  V . G .  A f a n a s ' e v ,  b e l i e v e  
t h a t :  
. . . t h e  computer  t o d a y  i s  n o t  o n l y  a  power fu l  
c a l c u l a t i n g  i n s t r u m e n t  and  means o f  p r o c e s s i n g  and 
s t o r i n g  v a s t  q u a n t i t i e s  o f  i n f o r m a t i o n ,  b u t  it is  a l s o  
a  means o f  human i n t e l l e c t u a l  a c t i v i t y .  Under t h e  
i n f l u e n c e  o f  computers  new s t r u c t u r e s  o f  human 
t h o u g h t  a r e  formed,  t h e  o r g a n i z a t i o n  o f  p h y s i c a l  
and i n t e l l e c t u a l  l a b o r ,  c o g n i t i o n  and l e a r n i n g ,  
t h e  s p i r i t u a l  wor ld  o f  man, a r e  changed .  [ 2  1 I 
6 . 5  CAPS 
I n  J u l y  1977,  a  three-week e x p e r i m e n t  was conduc ted  by IIASA*, 
i n v o l v i n g  p a n e l s  o f  s c i e n t i s t s  i n  f o u r  c o u n t r i e s :  A u s t r i a ,  P o l a n d ,  
t h e  S o v i e t  Union, and  t h e  Un i t ed  S t a t e s . [ 2 2 ]  
T h i s  e x p e r i m e n t  was conduc ted  on t h e  o c c a s i o n  o f  a n  i n t e r n a -  
t i o n a l  c o n f e r e n c e [ 2 3 1  and i t s  a im was t o  g a i n  f i r s t  hand e x p e r i e n c e  
i n  t h e  use  o f  t e l ecommunica t ion  media f o r  i n t e r n a t i o n a l  team re- 
s e a r c h .  I n  d i s t i n c t i o n  from a  r e a l  computer  c o n f e r e n c i n g  a p p r o a c h ,  
t h i s  e x p e r i m e n t  used  t h e  d i f f e r e n t  forms o f  t e l ecommunica t ion  o n l y  
f o r  b r i d g i n g  t h e  gap  between f o u r  g e o g r a p h i c a l l y  s e p a r a t e d  g r o u p s  
o f  s c i e n t i s t s .  T h i s  e x p e r i m e n t  was t h e r e f o r e  c a l l e d  CAPS (Computer 
A s s i s t e d  P a n e l  S e s s i o n s )  t o  d i s t i n g u i s h  it c l e a r l y  f rom a  r e a l  
CAITR-type e x p e r i m e n t .  
A s  it can  b e  s e e n  from F i g u r e  5 ,  f o u r  d i f f e r e n t  t y p e s  o f  
e l e c t r o n i c  communication w e r e  used :  c o n v e n t i o n a l  t e l e x ,  t e l e p h o n e ,  
r emote -d ia l -up  t e r m i n a l ,  and a  h i g h l y  deve loped  computer  network 
v i a  s a t e l l i t e .  
I t  t u r n e d  o u t  t h a t  a l l  f o u r  forms o f  te lecommunicat i .on a r e  
p o s s i b l e  means f o r  i n t e r n a t i o n a l  team r e s e a r c h ,  b u t  i t  was neces -  
s a r y  t o  have i n  e a c h  p a r t i c i p a t i n g  g roup  a t  l e a s t  one  s c i e n t i s t  
f a m i l i a r  w i t h  t h e  communication sys t em t o  s e r v e  a s  a n  i n t e r p r e t e r  
and o p e r a t o r ,  f e e d i n g  messages  i n  and  g e t t i n g  them o u t  o f  t h e  chan- 
n e l .  Another  s c i e n t i s t  ( o r  p o s s i b l y  t h e  same o n e )  must  b r i n g  t h e  
g roup  o p i n i o n  o f  e a c h  i n v o l v e d  g roup  i n t o  one  t r a n s m i t t a b l e  form,  
s o  t h a t  e a c h  g roup  can  a c t  a s  one  s o l i d  node i n  t h e  i n f o r m a t i o n  
sys t em.  
I n  t h e  e x p e r i m e n t ,  CAPS d i d  d e m o n s t r a t e  a  c a p a b i l i t y  which 
i s  c o n s i d e r e d  t o  be one  o f  i t s  p r i n c i p a l  a d v a n t a g e s ,  namely,  t h e  
a b i l i t y  t o  suspend t i m e  and s p a c e .  That  i s ,  s e v e r a l  g r o u p s  o f  
s c i e n t i s t s  w e r e  a b l e  t o  i n t e r a c t  w i t h  one  a n o t h e r  e v e n  though t h e y  
w e r e  s e p a r a t e d  by hundreds  o r  even  t h o u s a n d s  o f  k i l o m e t e r s  and  
even  though when one  g roup  was m e e t i n g ,  t h e  o t h e r  g r o u p s  migh t  
a l l  be  a s l e e p  ( b e c a u s e  of  d i f f e r e n c e s  i n  t i m e  z o n e s ) .  Fu l l .  f l e x -  
i b i l i t y  i n  t i m e  and p l a c e  o f  p a r t i c i p a t i o n  was n o t  p o s s i b l e ,  un- 
f o r t u n a t e l y ,  because  none o f  t h e  g r o u p s  p o s s e s s e d  p o r t a b l e  com- 
p u t e r  t e r m i n a l s  which members c o u l d  t a k e  home w i t h  them. 
* W e  a r e  e s p e c i a l l y  g r a t e f u l  t o  M i s s  U l r i k e  S i c h r a  f o r  d o i n g  a l l  
t h e  programming, and  t o  V a l e r i  Dashko f o r  h i s  v a l u a b l e  c o l l a b -  
o r a t i o n  ( F i g u r e  5  was m a i n l y  p r e p a r e d  by him t o o ) ,  and P r o f .  
O la f  H e l m e r  who was c o - o r g a n i z e r  and c o n d u c t o r  o f  t h i s  IIASA 
p a n e l  s e s s i o n .  

One a s p e c t  o f  t h e  CAPS e x p e r i m e n t  which  r e d u c e d  t h e  v a l u e  o f  
i t s  s u b s t a n t i v e  c o n t e n t  p r o v i d e s  a s a l u t a r y  w a r n i n g  fg i -  f u t u r e  
a c t i v i t i e s  o f  a  s i m i l a r  n a t u r e .  The g r o u p  i n t e r a c t i o n  was o f  ex- 
t r e m e l y  b r i e f  d u r a t i o n  ( n o  more t h a n  a  few h o u r s  f o r  mos t  p a r t i c -  
i p a n t s )  and  was t h e r e f o r e  c o n d u c t e d  a c c o r d i n g  t o  a  complex p r e -  
a r r a n g e d  ag e n d a .  I t  was hoped t h a t  t h i s  p r o c e d u r e  would a l l o w  a  
m e a n i n g f u l  g r o u p  p r o d u c t  t o  b e  g e n e r a t e d  w i t h i n  t h e  time a v a i l -  
a b l e .  U n f o r t u n a t e l y ,  b e c a u s e  o f  l i m i t e d  t i m e  and  s t a f f  r e s o u r c e s ,  
t h e  o r g a n i z e r s  o f  t h e  e x p e r i m e n t  were u n a b l e  t o  c o n d u c t  a  p r e t e s t  
o f  t h e  p l a n n e d  a g e n d a ,  e v e n  t h o u g h  t h e y  were aware t h a t  s u c h  a  
t e s t  was s t r o n g l y  d e s i r a b l e .  Dur ing  t h e  e x p e r i m e n t  i t s e l f ,  t h e  
agenda  p r o v e d  t o  b e  t o o  c o m p l i c a t e d  and t ime-conslxming t o  b e  com- 
p l e t e d  i n  t h e  t i m e  a v a i l a b l e .  A l s o ,  by t r y i n g  t o  c o v e r  t o o  much 
s u b j e c t  m a t t e r  i n  t o o  s h o r t  a t i m e ,  t .he agenda  f o r c e d  t h e  g r o u p  
d i s c u s s i o n s  t o  b e  much more s u p e r f i c i a l  t h a n  anyone  had  i n t e n d e d .  
On f u t u r e  o c c a s i o n s ,  i t  w i l l  b e  n e c e s s a r y  t o  r e d u c e  t h e  amount o f  
work CAPS g r o u p s  a r e  e x p e c t e d  t o  d o  i n  a  v e r y  b r i e f  p e r i o d  o f  
t i m e ,  o r  e l se  ex p a n d  t h e  amount o f  t i m e  a v a i l a b l e .  A l s o ,  it i s  
more o b v i o u s  t h a n  e v e r  t h a t  a g e n d a s  f o r  g r o u p  i n t e r a c t i o n  mus t  
a l w a y s  be  v e r y  c a r e f u l l y  d e s i g n e d  and  p r e t e s t e d .  
A n o t h e r  u s e f u l  l e s s i o n  f rom t h e  e x p e r i m e n t  was t h a t ,  i n  t n e  
a b s e n c e  o f  h i g h - q u a l i t y  s o f t w a r e  and  " o r q w a r e " [ 2 4 ]  s p e c i f i . c a l l y  
i n t e n d e d  f o r  CAPS u s e ,  t h i s  u s e  o f  cornputel- ne tworks  i s  r ~ ? i t h e r  
p a r t i c u l a r l y  c o n v e n i e n t  n o r  f o o l p r o o f .  Even w i t h  t r z i n e d  p r o -  
grammers a c t u a l l y  o p e r a t i n g  t h e  compute r  c o n n e c t i o n s  i f e e d i n g  i n -  
f o r m a t i o n  t o  a n d  f rom t h e  g r o u p s  o f  scie11tist.s) , i n f o r m a t - i o n  was 
somet imes  m i s p l a c e d  o r  e v en  d e s t r o y e d  t h r o u g h  human e r r o r  and h a d  
t o  be  r e t r a n s m i t t e d .  On o c c a s i o n ,  r e c o u r s e  t o  a l t e r n a t i v e  med i a  
( e . g . ,  t e l e p h o n e )  was n e c e s s a r y  t o  c l e a r  up  c o n f u s i o n  r e s u l t i n g  
f rom  s u c h  e r r o r s .  The i m p l i c a t i o n  i s  t h a t  e x p e r i e n c e d  u s e r s  and  
a l t e r n a t i v e  media  a s  a  "back-up"  a r e  n e c e s s a r y  a t  l e a s t  u n t i l  b e t -  
t e r  s o f t w a r e  and  o r g w a r e  become r e a d i l y  a - v a i l a b l e .  
Why s h o u l d  s c i e n t i s t s  i n t e r e s t e d  i n  i n t e r n a t i o n a l  c o l l a b o r a -  
t i o n  b e  w i l l i n g  t o  u s e  e l e c t r o n i c  commun ica t i ons  media  i.n t h e i r  
j o i n t  a c t i v i t i e s ?  The main r e a s o n ,  o f  c o u r s e ,  i s  t h a t  te lec*ornuni-  
c a t i o n s  c a n  a t  l e a s t  p a r t l y  s u b s t i t u t e  f o r  b o t h  m e e t i n g s  a n d  con -  
v e n t i o n a l  l a b o r a t o r y - s t y l e  t e a m  r e s e a r c h .  The c o n s e q u e n t  s a v i n g  
i n  s c a r c e  r e s o u r c e s  s h o u l d  b e  v e r y  g r a t i f y i n g ,  e s p e c i a l l y  f o r  t h e  
" s m a l l e r  a n d  p o o r e r "  c o u n t r i e s  whose r e s o u r c e s  a r e  mos t  o v e r b u r -  
d e n e d  a l r e a d y .  
The m o s t  s e r i o u s  p r o b l e m  w i t h  t h e  u s e  o f  telecommunications 
i n  t e a m  r e s e a r c h  i s  t h a t ,  i f  o n e  o f  t h e  p u r p o s e s  o f  t e am r e s e a r c h  
i s  t o  improve  g e n e r a l  p e r s o n a l  c o n t a c t  and  r e l a t - i c n s  among s c i e n -  
t i s t s ,  f a c e - t o - f a c e  m e e t i n g s  w i l l  a l s o  b e  n e c e s s a r y  f rom t i m e  t o  
t i m e .  O t h e r  f o r m s  o f  s c i e n t i f i c  comrcgnicat ion ( b o o k s ,  j o u r n a l s ,  
e t c . , )  w i l l  r e ma in  i m p o r t a n t ,  a n d  t e l e c o m m u n i c a t i o n s  m u s t  b e  s e e n  
as a n  - a d j u n c t  t o  them r a t h e r  t h a n  a  c o m p l e t e  r e p l a c e m e n t .  
I f  t h e  u s e  o f  advanced  t e l e c o m m u n i c a t i o n s  t e c h n o l o g i e s  i s  
d i f f i c u l t  o r  i m p o s s i b l e  w i t h o u t  some d e l i b e r a t e  f a m i l i a r i z a t i o n ,  
a s  it w i l l  c e r t a i n l y  b e  f o r  t h e  f o r e s e e a b l e  f u t u r e ,  t h e n  it seems 
l i k e l y  t h a t  o n l y  c e r t a i n  i n d i v i d u a l s  w i l l  u s e  s u c h  f a c i l i t i e s  v e r y  
much. T h i s  i s  p e r f e c t l y  a c c e p t a b l e ,  however ,  s i n c e  t h e y  w i l l  
s i m p l y  p e r f o r m  t h e  " t r o u b a d o r "  and " g a t e k e e p e r "  f u n c t i o n s  a l r e a d y  
o b s e r v e d  i n  more c o n v e n t i o n a l  s i t u a t i o n s .  Because t h e s e  r o l e s  
o f f e r  s c i e n t i s t s  c o n s i d e r a b l e  a d v a n t a g e s  i n  knowledge and hence  
i n f l u e n c e ,  o t h e r s  o b s e r v i n g  t h i s  may soon  be  m o t i v a t e d  t o  f o l l o w  
t h e i r  example--which i s  s o  much t h e  b e t t e r .  
Improved communica t ions  w i l l  n o t  b e  a b l e  t o  h e l p  w i t h  mos t  
o f  t h e  p rob lems  o f  team r e s e a r c h  p e r  se ( r i v a l r i e s ,  f r u s t r a t i o n s ,  
e t c . , )  e x c e p t  by s a v i n g  t i m e  and  money and t h u s  p e r m i t t i n g  s c i e n -  
t i s t s  t o  d e v o t e  more of  t h e i r  r e s o u r c e s  t o  s a t i s f y i n g  a n d  c r e a t i v e  
work.  P e r h a p s  t e c h n i c a l - l y  advanced  communica t ions  methods c o u l d  
h e l p  r e d u c e  s e m a n t i c  d i f f i c u l t i e s  by e n c o u r a g i n g  t h e  f o r m u l a t i o n  
o f  c l e a r  and p r e c i s e  s t a t e m e n t s ,  b u t  t h e y  c o u l d  a l s o  a g g r a v a t e  
problems o f  l e a d e r s h i p  by d e p r i v i n g  t h e  l e a d e r  o f  any d i r e c t  way 
t o  e n f o r c e  h i s  d e c i s i o n s .  I f  t h e  p a r t i c u l a r  communica t ions  medium 
i n  q u e s t i o n  i s  a b l e  t o  f a c i l i t a t e  comprehens ive  r e c o r d - k e e p i n g ,  
it s h o u l d  e l i m i n a t e  t h e  problem o f  i d e n t i f y i n g  which team members 
have made what  c o n t r i b u t i o n s  t o  t h e  team p r o d u c t .  
L ike  o t h e r  t y p e s  o f  i n t e r n a t i o n a l  s c i e n t i f i c  c o o p e r a t i o n ,  
team r e s e a r c h  c o n d u c t e d  v i a  e l e c t r o n i c  media  w i l l  b e  s u b j e c t  t o  
c u l t u r a l ,  l i n g u i s t i c ,  and  p o l i t i c a l  d i f f i c u l t i e s .  On t h e  o t h e r  
hand ,  if it c a n  p r o v e  i t s  w o r t h  i n  c o n c r e t e  t e r m s  o f  costs and 
b e n e f i t s ,  it c o u l d  w e l l  r e c e i v e  gove rnmen ta l  s u p p o r t .  T h i s  would'  
b e  e s p e c i a l l y  t r u e  i f  t h e  s u b j e c t  a r e a s  i n  q u e s t i o n  are  n o t  un- 
c o m f o r t a b l y  close t o  s e n s i t i v e  economic ,  m i l i t a r y ,  o r  p o l i t i c a l  
i s s u e s .  
W e  s h o u l d  of c o u r s e  acknowledge t h a t  e v e n  i f  t h e  s t r e n g t h s  
o f  C A I T R  ( o r  i t s  CAPS v a r i a n t )  w e r e  c o n s i d e r e d  t o  ou twe igh  t h e i r  
w e a k n e s s e s ,  s u c h  methods would n o t  i n  f a c t  b e  used  u n l e s s  t h e y  
a l s o  compared f a v o r a b l y  w i t h  o t h e r  means o f  s c i e n t i f i c  communica- 
t i o n  i n  terms o f  c o s t .  U n f o r t u n a t e l y ,  t h e r e  i s  no s i m p l e  way t o  
-
a s s e s s  t h e  comparative c o s t s  o f  v a r i o u s  communica t ions  med ia ,  
s i n c e  t h e s e  costs depend on  numerous f a c t o r s  which  v a r y  w i d e l y  
f rom s i t u a t i o n  t o  s i t u a t i o n  ( c h o i c e  o f  s p e c i f i c  t e c h n i c a l  s y s t e m ,  
number and l o c a t i o n  o f  p a r t i c i p a n t s ,  t y p e  and  d u r a t i o n  o f  a c t i v i -  
t i e s ,  e t c . ) .  I t  i s  p o s s i b l e ,  however,  t o  o b t a i n  a  g e n e r a l  i d e a  
o f  t h e  r e l a t i v e  costs i n v o l v e d  by examin ing  i n  d e t a i l  a  number o f  
h y p o t h e t i c a l  b u t  r e p r e s e n t a t i v e  team r e s e a r c h  s i t u a t i o n s .  W e  
have made s u c h  c a l c u l a t i o n s  (see A p p e n d i x ) ,  t h e  r e s u l t s  o f  which  
a r e  summarized i n  T a b l e  1 .  
I n  t h i s  t a b l e ,  f i v e  h y p o t h e t i c a l  c a s e s  a r e  a n a l y z e d ,  d e t a i l s  
o f  whose d e f i n i t i o n s  a r e  p r e s e n t e d  i n  t h e  Appendix.  I n  e a c h  c a s e  
w e  have  compared t h e  c o s t  o f  CAITR w i t h  t h a t  o f  a n  e q u i v a l e n t  
a c t i v i t y  c o n d u c t e d  by more c o n v e n t i o n a l  means ( t r a v e l ,  m a i l ,  t e l e x ,  
e t c . ) .  The c o s t  f i g u r e s  s h o u l d  n o t ,  o f  c o u r s e ,  b e  t a k e n  as d e f i -  
n i t i v e ,  s i n c e  t h e y  a r e  b a s e d  on many a s s u m p t i o n s  a b o u t  f u t u r e  

c o s t s  o f  l e t t e r  w r i t i n g ,  t r a v e l ,  s e c r e t a r i a l  t i m e ,  l o d g i n g s ,  
p r i n t i n g ,  e t c . ,  n o t  t o  men t ion  a n  even  more d e b a t a b l e  se t  o f  a s -  
sumpt ions  a s  t o  j u s t  what  p a t t e r n  o f  non-CAITR communicat ions i s  
i n  f a c t  " e q u i v a l e n t "  t o  a  g i v e n  CAITR a c t i v i t y .  N e v e r t h e l e s s ,  
t h e  a s s u m p t i o n s  used  w e r e  t h e  b e s t  a v a i l a b l e  t o  t h e i r  a u t h o r  a t  
t h e  t i m e ,  and t h e  r e s u l t s  a r e  p r o b a b l y  w i t h i n  some r e a s o n a b l e  
r a n g e  o f  e r r o r  from t h e i r  t r u e  f u t u r e  v a l u e s .  
A s  c a n  b e  s e e n  from T a b l e  1 ,  CAITR i s  s u b s t a n t i a l l y  less  
c o s t l y  t h a n  i t s  non-CAITR e q u i v a l e n t  i n  t h r e e  a c t i v i t i e s  (numbers 
1 ,  2 ,  and 4 ) .  The r e v e r s e  i s  t r u e  i n  t h e  c a s e  o f  a c t i v i t y  3 be- 
c a u s e  b o t h  v a r i a n t s  o f  t h a t  a c t i v i t y  w e r e  d e f i n e d  a s  r e q u i r i n g  
g roup  members t o  m e e t  p h y s i c a l l y  a t  IIASA, and i n  t h e  c a s e  of  
a c t i v i t y  5 b e c a u s e  t h e  communicat ion p a t t e r n  i s  r e l a t i v e l y  s i m p l e  
( a  o n e - t o - a l l  and  a l l - t o - o n e  " s t a r " ,  f o r  which CAITR i s  n o t  es- 
p e c i a l l y  s u i t a b l e ) .  
One a s sumpt ion  u n d e r l y i n g  t h e  c a l c u l a t i o n s  i n  columns 1 and 
2  o f  T a b l e  1 was t h a t  t h e  v a l u e  o f  g roup  members' t i m e  must b e  
i n c l u d e d  i f  t h e  c o m p l e t e  " c o s t "  of  an a c t i v i t y  i s  t o  be i d e n t i -  
f i e d .  Columns 3 and 4 show t h a t  t h e  "ou t -o f -pocke t "  e x p e n s e s  of  
a n  o r g a n i z a t i o n  c o n d u c t i n g  CAITR a c t i v i t i e s  would b e  much less 
t h a n  t h e  f i g u r e s  i n  columns 1 and 2.  I n  t h e s e  terms, t h e  CAITR 
v e r s i o n s  o f  a c t i v i t i e s  1 ,  2 ,  and  4 a r e  s t i l l  a d v a n t a g e o u s ,  and 
t h e  c o s t  l e v e l s  a r e  o f  c o u r s e  even  more a t t r a c t i v e  t h a n  o r i g i n a l l y  
c a l c u l a t e d .  
J u d g i n g  f rom o u r  v e r y  t e n t a t i v e  c a l c u l a t i o n s ,  it s e e m s  f a i r  
t o  c o n c l u d e  t h a t  CAITR i s  n o t  i n e x p e n s i v e ,  b u t  i n  an i m p o r t a n t  
c l a s s  o f  a p p l i c a t i o n s  it i s  less e x p e n s i v e  t h a n  c o n v e n t i o n a l  
methods o f  a c h i e v i n g  t h e  same g r o u p  i n t e r a c t i o n s .  
8.  CONCLUSIONS 
Complex g l o b a l  problems can  o n l y  b e  s o l v e d  by comprehens ive  
and g l o b a l  means--such a s  t h o s e  which i n t e r n a t i o n a l  team r e s e a r c h  
o f f e r s .  ITR s h o u l d  a l s o  b e  e x p e c t e d  t o  have  s t r o n g  f e e d b a c k s  i n t o  
e a c h  n a t i o n ' s  own s c i e n t i f i c  e f f o r t ,  b e c a u s e  o f  t h e  v e r y  i n t e r n a -  
t i o n a l  c h a r a c t e r  o f  t h i s  form; s c i e n t i s t s  f rom d i f f e r e n t  n a t i o n s  
w i l l  l e a r n  t h e  i d e a s  and methods o f  o t h e r  r e g i o n s  and  w i l l  p e r s o n -  
a l l y  be c o n f r o n t e d  w i t h  t h e  most  advanced means o f  s c i e n t i f i c  
o r g a n i z a t i o n  and  communicat ion.  
Communication and o r g a n i z a t i o n  i n  ITR s h o u l d  n o t  s i m p l y  be  
t a k e n  from e x i s t i n g  n a t i o n a l  or r e g i o n a l  i n s t i t u t i o n s ;  t h e  new 
q u a l i t y  o f  r e s e a r c h  which h a s  been c r e a t e d  t h r o u g h  ITR s h o u l d  b e  
a s s i s t e d  by new means.  W e  t h i n k  t h a t  t h e  u s e  o f  i n f o r m a t i o n a l  
ne tworks  b a s e d  on modern computer  and  t e l ecommunica t ion  t e c h n o l o g y  
i s  an  i m p o r t a n t  s t e p  i n  t h i s  d i r e c t i o n .  
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Appendix 
COMPARATIVE COST ESTIMATES 
Our approa.ch h e r e  w i l l  be  t o  t a k e  f i v e  h y p o t h e t i c a l  IIASA 
a p p l i c a t i o n s  o f  CAITR and t o  c a l c u l a t e  two c o s t  e s t i m a t e s  f o r  
e a c h ,  assuming  ( 1 )  u s e  o f  t h e  most  a p p r o p r i a t e  a v a i l a b l e  CAITR 
s y s t e m  c o n f i g u r a t i o n ,  a n d  ( 2 )  t h e  mos t  p r o b a b l e  non-CAITR means 
o f  p e r f o r m i n g  t h e  same t a s k .  
The f o l l o w i n g  f i v e  p a r a g r a p h s  g i v e  q u a n t i t a t i v e  d e t a i l s  o f  
t h e  h y p o t h e t i c a l  CAITR a p p l i c a t i o n s  and  t h e i r  non-CAITR e q u i v a -  
l e n t s .  
a A c t i v i t y  1 - - I n v i s i b l e  C o l l e g e ,  Worldwide.  
F i f t y  s c i e n t i s t s  i n  v a r i o u s  c o u n t r i e s  ( s a y ,  5 a t  IIASA, 
15 i n  Europe ,  15  i n  Nor th  Amer ica ,  and  15 e l s e w h e r e )  w i l l  
i n t e r a c t  f r e e l y  o n  v a r i o u s  s e l f - d e f i n e d  and  IIASA-defined 
t a s k s .  System u s a g e :  15  m i n u t e s  p e r  day p e r  p e r s o n  f o r  
s i x  months p l u s  one  fou r -hour  synchronous  c o n f e r e n c e  p e r  
month. A d d i t i o n a l  c o s t s :  one  t en -minu te  t e l e p h o n e  c a l l  
t o  h e l p  e a c h  u s e r  e s t a b l i s h  h i s  i n i t i a l  c o n t a c t  w i t h  t h e  
sys t em;  a  two-hour  f a m i l i a r i z a t i o n  s e s s i o n  f o r  e a c h  u s e r ,  
w i t h  a n  IIASA s t a f f  member ( " f a c i l i t a t o r " )  a l s o  on  l i n e  
t o  a s s i s t  h im;  and  a n  e x t r a  100 h o u r s  o f  s y s t e m  usage  by 
t h e  IIASA cha i rman .  Non-CAITR e q u i v a l e n t :  f i v e  s h o r t  
(120 word)  l e t t e r s  d i c t a t e d  and s e n t  p e r  p e r s o n  p e r  work- 
i n g  d a y ,  p l u s  one  t h r e e - d a y  c o n f e r e n c e  a t  IIASA w i t h  a l l  
g r o u p  members a t t e n d i n g  and  w i t h  p r o c e e d i n g s  t r a n s c r i b e d  
and  d i s t r i b u t e d  s u b s e q u e n t l y .  
a A c t i v i t y  2 - - I n v i s i b l e  C o l l e g e ,  Europe o n l y .  
T h i s  a c t i v i t y  i s  i d e n t i c a l  w i t h  number 1  e x c e p t  t h a t  o n l y  
twen ty  s c i e n t i s t s  a r e  i n v o l v e d  ( 5  a t  IIASA and  15  else- 
where i n  E u r o p e ) .  Non-CAITR a l t e r n a t i v e :  same a s  i n  
A c t i v i t y  1 .  
A c t i v i t y  3 - - I n t e n s i v e  E n c o u n t e r ,  a t  IIASA. 
Twenty s c i e n t i s t s  p r e s e n t  a t  IIASA ( s a y ,  5 f rom IIASA, 
5  from USA, 5  f rom USSR, and  5 f rom o t h e r  European coun- 
t r i e s )  w i l l  i n t e r a c t  i n  a  h i g h l y  s t r u c t u r e d  f a s h i o n  
t h r o u g h  f o u r  t e r m i n a l s  l o c a t e d  a t  IIASA ( t h r e e  f o r  teams 
o f  p a r t i c i p a n t s  and one  f o r  t h e  c h a i r m a n ) .  System u s a g e :  
f o u r  h o u r s  p e r  t e r m i n a l  p e r  day  f o r  t h r e e  d a y s .  Addi- 
t i o n a l  c o s t s :  t w o  h o u r s  o f  s y s t e m  t i m e  f o r  s e t t i n g  up t h e  
c o n f e r e n c e ;  c o s t  o f  m o - ~ i n g  f o u r  IIASA t e r m i n a l s  i n t o  a 
c o n v e n i e n t  l o c a t i o n .  Non-CAITR e q u i v a l e n t :  same i n t e r -  
a c t i o n  c o n d u c t e d  "by h a n d " ,  w i t h  no computer  a s s i s t a n c e  
b u t  w i t h  f o u r  j u n i o r  and f o u r  s e n i o r  man-hours p e r  day  
o f  e x t r a  s t a f f  t i m e  f o r  h a n d l i n g  o f  m a t e r i a l s ,  p r o c e s s i n g  
o f  i n t e r m e d i a t e  r e s u l t s .  
A c t i v i t y  4 - - I n t e n s i v e  E n c o u n t e r ,  v i a  Network.  
T h i s  a c t i v i t y  i s  i d e n t i c a l  w i t h  number 3 e x c e p t  t h a t  t h e  
CAITR i n t e r a c t i o n  i s  conduc ted  e n t i r e l y  o v e r  t h e  ne twork  
( i . e . ,  p a r t i c i p a n t s  d o  n o t  t r a v e l  t o  I IASA) .  Twenty t e r -  
m i n a l s  would b e  i n v o l v e d ,  and e a c h  p a r t i c i p a n t  would re- 
q u i r e  a  p r e l i m i n a r y  two h o u r  p e r i o d  o f  s y s t e m  f a m i l i a r i z -  
a t i o n  w i t h  a n  IIASA " f a c i l i t a t o r "  a l s o  on  l i n e .  Non- 
C A I T R  a l t e r n a t i v e :  same a s  i n  A c t i v i t y  2  ( i - e . ,  g r o u p  
convened a t  IIASA) . 
A c t i v i t y  5 - - A d m i n i s t r a t i v e  Communication.  
Th ree  s t a f f  members a t  IIASA w i l l  i n t e r a c t  w i t h  l i a i s o n  
o f f i c e r s  a t  f o u r t e e n  N Y O 1 s .  L e v e l  o f  u s a g e  comparab le  
t o  A c t i v i t y  1 ,  a d d i t i o n a l  c o s t s  s i m i l a r l y  e x c e p t  t h a t  
e a c h  IIASA s t a f f  member g e t s  25 e x t r a  h o u r s  o f  s y s t e m  
u s a g e .  Non-CAITR e q u i v a l e n t :  two c i r c u l a r  l e t t e r s  ( 1 4  
c o p i e s )  and 25 o t h e r  l e t t e r s  d i c t a t e d  and s e n t  p e r  week 
by IIASA, 5  l e t t e r s  d i c t a t e d  and  s e n t  t o  IIASA p e r  week 
by e a c h  NIIO, 28 telexes s e n t  by IIASA and  2  by e a c h  NMO 
e a c h  week, p l u s  o n e  t h r e e - d a y  c o n f e r e n c e  a t  IIASA a s  i n  
A c t i v i t y  1 .  
For  A c t i v i t i e s  1 ,  4 ,  a n d  5 ,  which r e q u i r e  wor ldwide  n e t w o r k s ,  
w e  s h a l l  assume t h a t  t h e  C A I T R  s y s t e m  r e s i d e s  on  t h e  compu te r s  o f  
a  wor ldwide  commerc ia l  t i m e s h a r i n g  s e r v i c e  s u c h  a s  TYFlNET o r  
CYBERNET. CAITR-type s o f t w a r e  s u i t a b l e  f o r  t h e s e  p a r t i c u l a r  com- 
p u t e r s  a l r e a d y  e x i s t s ,  and  g roup  members i n  most  p a r t s  o f  t h e  
w o r l d  s h o u l d  b e  a b l e  t o  d i a l  i n t o  t h e s e  n e t w o r k s  f a i r l y  e a s i l y .  
Some o f  t h e s e  d i a l - u p  c o n n e c t i o n s  m i g h t  have  t o  b e  l o n g - d i s t a n c e ,  
which would i n c r e a s e  c o s t s ,  b u t  t h i s  p rob l em s h o u l d  be  m i t i g a t e d  
e v e n t u a l l y  by t h e  e x p e c t e d  e x p a n s i o n  o f  t h e  t i m e s h a r i n g  n e t w o r k s  
i n t o  new g e o g r a p h i c a l  a r e a s .  
F o r  A c t i v i t y  2 ,  which r e q u i r e s  o n l y  a  European n e t w o r k ,  w e  
s h a l l  assume t h a t  t h e  p l a n n e d  EURONET s e r v i c e  h a s  become a v a i l -  
a b l e  and t h a t  a p p r o p r i a t e  CAITR s o f t w a r e  c a n  b e  found .  
F i n a l l y  f o r  A c t i v i t y  3 ,  which d o e s  n o t  r e q u i r e  ne twork  con-  
n e c t i o n s  a t  a l l ,  w e  s h a l l  assume t h a t  a  CAITR-type s o f t w a r e  s y s -  
t e m  i s  a v a i l a b l e  o n  I IASA's  own in -house  PDP-11/45 compu te r .  
I n  a 1 1  a c t i v i t i e s ,  w e  assume t h a t  e a c h  p a r t i c i p a n t  h a s  a c c e s s  
t o  a  computer  t e r m i n a l  ( n o t  u n r e a s o n a b l e  s i n c e  w e  a r e  t a l k i n g  
a b o u t  s c i e n t i s t s )  o r  w i l l  i f  n e c e s s a r y  l e a s e  o n e  a t  h i s  own ex-  
p e n s e .  I f  t h e  c o s t  o f  t e r m i n a l s  were t o  b e  added i n t o  o u r  c o s t  
c a l c u l a t i o n s ,  a  s a f e  e s t i m a t e  a s  o f  1977 would b e  bS 1700 p e r  
p a r t i c i p a n t  p e r  month.  T h i s  f i g u r e  i s  s t r o n g l y  e x p e c t e d  t o  de- 
c l i n e  i n  t h e  f u t u r e .  
D e t a i l e d  c o s t  c a l c u l a t i o n s  f o r  t h e  f i v e  h y p o t h e t i c a l  a p p l i c a -  
t i o n s  a r e  p r e s e n t e d  below.  
A c t i v i t v  1. v i a  CAITH 
I n  t h i s  a c t i v i t y ,  we assume t h a t  t h e  c o s t  o f  a r r ang ing  t h e  a c t i v i t y  
( s end ing  l e t t e r s  o f  i n v i t a t i o n  e t c . )  i s  c o n s t a n t  whether o r  n o t  CAITR i s  used ,  
and  hence w e  s h a l l  d i s r e g a r d  t h i s  c o s t .  
8 System usage ( p e r  p a r t i c i p a n t ) :  
F a n i l i a r i z a t i o n  2 h r s .  
B a s i c  Usage 69 h r s .  
7 1  h r s .  
E x t r a  system usage by IIASA s t a f f :  
Chairman 100 h r s .  
F a c i l i t a t o r  ( 2  h r s /  
p a r t i c i p a n t  ) 100 h r s .  200 h r s .  
T o t a l  system usage:  
From IIASA ((5x71+200) = 555 h r s .  
From e l swhere  i n  
Europe (15x71) 
From N .  America 
(15x71) 
= 1065 h r s .  
= 1065 h r s .  
From e l sewhere  (15x71) = 1065 h r s .  
8 Disk s t o r a g e  (assuming 1 . 1 ~ 1 0  6 
c h a r a c t e r s  added p e r  month,* 
a r c h i v e d  on t a p e  weekly t o  keep 
o n l y  t h e  latest  f o u r  weeks on 
d i s k )  : 
6 1 . 1 ~ 1 0  @ OS2 (est .  1 p e r  1000 
c h a r a c t e r s  p e r  month, 
= OS2200/m. ,x6mo. 
1 Telephone c a l l s ,  10  min. e a c h :  
Within  Europe (15@OS190) **  
To N .  America (15@OS395) *** 
To e l sewhere  (15@05825)**** 
T o t a l  c o s t :  
COST CALCULATIONS (0s) 
Computer and network cha rges ,  OS/hr . ,  
Value o f  p a r t i c i p a n t s  ' t i m e  
OS/hr., avg. 
x (400+250) = 360,750 
x(400+250) = 692,250 
x(300+250) = 585,750 
x (500+250) = 798,750 
2,437,500 2,437,500 
13 ,200  
2,850 
5,925 
* Based on an  assumed average  t y p i n g  speed  of  20 words p e r  minu te ,  average 
l e n g t h  o f  word 6 c h a r a c t e r s ,  $ of  connec t  t ime  s p e n t  t y p i n g ,  11% h r s .  
connect  t ime p e r  p a r t i c i p a n t  p e r  month, 50 p a r t i c i p a n t s ,  33 e x t r a  connect  
h r s .  p e r  month by IIASA s t a f f  members. 
* *  Based c n  1977 average  f o r  London, B e r l i n ,  Moscow. 
***  Baaed on 1977 a ve r a ge  f o r  New York, San F r a n c i s c o ,  Ottawa. 
* * * *  ~ a s e d  on 1977 average  f o r  Buenes A i r e s ,  N a i r o b i ,  Tokyo. 
Activity 1, without CAITR 
Let ters :  
(5  ~ e t t e r s /work ing  day) x (20 
working days/month) x 6 months x 
50 pa r t i c i pan t s  = 30,000 @ bS80*= 
0 Conference : 
Normal I I A S A  cos t s  ( local  
t ranspor ta t ion e t c .  ) 
Value of i n v i t e e s '  time (45 
inv i tees  x ( 3  days a t  conference 
+ 2 days t rave l ing)  x (8  working 
hours/day) x (6~250/hr .  ) ) 
Value of IIASA pa r t i c i pan t s '  
time ( 5 x 3 ~ 8 ~ 2 5 0 )  
Room and board f o r  i nv i t e e s  (45 
inv i tees  x 4 nights  @ OS250 e s t . )  
Travel cos t s  ( a i r )  : 
from Europe 
(15 inv i tees  @ OS6365**) 
from North America 
(15 inv i tees  @ OS19965***) 
from elsewhere 
(15 inv i tees  @ OS30500****) 
Labour and cos t s  f o r  t ranscr ib-  
ing,  ed i t ing ,  dupl ica t ing and 
d i s t r i bu t i ng  proceedings 
(assumed 300 pp, 600 copies) 
0 Total cost :  
* Based on s t a t i s t i c a l l y  observed cost  in USA i n  1975 (See Dartnell  
Corporation, " I n f l a t i o n  Soars 1975 Business Le t te r  Cost t o  $3,79", 
Analysis and S t a f f  Report, Chicago, I l l .  (1975) ) , i n f l a t ed  a t  8% per 
annum to  1977 and converted t o  OS a t  1977 exchange r a t e ,  with OS5 added 
t o  allow f o r  overseas postage on some l e t t e r s .  
* *  Based on 1977 average f o r  London, Ber l in ,  Moscow. 
* * *  Based on 1977 average fo r  New York, San Francisco, Ottawa, using 
average of high-season and low-season r a t e s .  
* * * *  Based on 1977 average fo r  Buenes Aires, Nairobi, Tokyo. 
Activi ty  2, v ia  CAITR 
System usage (per par t . ic ipant)  : 
Familiarizat ion 2 h r s .  
Basic usage 69 h r s .  
71 h r s .  
Extra system usage by IIASA s t a f f :  
Chairman 100 h r s  . 
F a c i l i t a t o r  ( 2  hrs . /  40 h r s .  participant) 140 h r s .  
Total system usage: 
From IIASA 
( (5x71) +140) = 495 h r s .  
From elsewhere in 
Europe ( 15x71) = 1065 h r s .  
D i s k  s torage  (same assumptions a s  
i n  Act iv i ty  1, except only 20 
p a r t i c i p a n t s )  : 
4 . 7 ~ 1 0 ~  characters  added per  
month, @ bS2 per  1000 charac te r s  
= OS940/mo., x 6 mo. 
Telephone c a l l s ,  10 min. each: 
Within Europe (15 @ OS190) * 
Total  Cost: 
COST CALCULATION (OS) 
Computer and network charges, OS/hr., I e s t .  I 
I I Value of  p a r t i c i p a n t s  ' time OS/hr . , avg. 
* Same bas i s  a s  i n  Act iv i ty  1. 
Activi ty  2 ,  without CAITR 
@ Let te r s :  
600 per pa r t i c i pan t ,  * x 20 
par t i c ipan t s  = 12,000 @ bS75** 
@ Conference : 
Nornlal IIASA cos t s  ( l o c a l  
t ranspor ta t ion e t c .  ) 
Value of invi  tees  ' time*, 
15 inv i tees  
Value of IIASA pa r t i c i pan t s '  
time* 
Room and board fo r ' i nv i t e e s* ,  
15 i n v i t e e s  
Travel cos t s  ( a i r )  : 
from Europe 
(15 inv i tees  @ OS 6365*) 
Labour and cos t s  f o r  publishing 
proceedings (100 pp, 600 copies) 
9 Total  cos t :  
COST CALCULATIONS (0s)  
- 1 
* As i n  Activi ty 1. 
** A s  i n  Activi ty 1, minus the bS5 f o r  overseas postage. 
A c t i v i t v  3. v i a  CAITR ( b u t  a t  IIASA) 
6 B a s i c  c o s t  o f  c o n f e r e n c e :  
Nprmal IIASA c o n f e r e n c e  c o s t s  
( l o c a l  t r a n s p o r t a t i o n  e t c .  ) 
Value o f  i n v i t e e s '  t i m e  (15 
i n v i t e e s  x ( 3  days  a t  c o n f e r e n c e  
+ 2 days  t r a v e l i n g )  x ( 8  working 
hours/day) x (OS250/hr. ) 
Value o f  IIASA p a r t i c i p a n t s  ' 
t ime  ( 5 x 3 ~ 4 ~ 2  50) 
Room and board  f o r  i n v i t e e s  
(15 i n v i t e e s  x 4 n i g h t s  @ 
OS 250 e s t . )  
T r a v e l  c o s t s  : 
from Europe 
( 5  i n v i t e e s  @ 0S6365*) 
from USA 
( 5  i n v i t e e s  @ bS20740**) 
from USSR 
( 5  i n v i t e e s  @ OS9600***) 
6 E x t r a  c o s t s  f o r  u s e  o f  CAITR: 
System c h a r g e s  
Cost  o f  moving t e r m i n a l s  t o  a 
conven ien t  l o c a t i o n  a t  IIASA 
( e s t .  ) 
Value o f  IIASA s t a f f  members' 
t ime  needed t o  o p e r a t e  t e r m i n a l s  
d u r i n g  a c t i v i t y  : 
3 peop le  x 12 h r s .  x OS100 = 
6 T o t a l  c c s t :  
COST CALCULATION (0s) 
30,000 
none **** 
* A s  i n  A c t i v i t y  1. 
**  Based on 1977 a v e r a g e  f o r  New York and San F r a n c i s c o ,  h i g h  and low s e a s o n s .  
***  Based c n  1977 f a r e  f o r  Moscow. 
* * * *  Assuming use  o f  IIASA'S in-house PDP-11/45. 
A c t i v i t v  3 .  w i t h o u t  CAITR 
B a s i c  c o s t  o f  c o n f e r e n c e  (same a s  
i n  A c t i v i t y  3 v i a  CAITR) : 
O Value of  e x t r a  IIASA s t a f f  t ime  
needed t o  p r o c e s s  group i n p u t s  
between s e s s i o n s  : 
S e n i o r  ( ( 4  h r s . / d a y )  x 
(OS250/hr.) x 3 d a y s )  = 
J u n i o r  ( ( 4  h r s . / d a y )  x 
(OSlOO/hr.) x 3 d a y s )  = 
T o t a l  c o s t :  
-. - -. - - - --.- 
COST CALCULATIONS (0s) 
A c t i v i t y  4 ,  v i a  CAITR 
System usage p e r  p a r t i c i p a n t :  
F a m i l i a r i z a t i o n  2 h r s .  
B a s i c  usage ( ( 4  h r s . /  
day) x 3 days)  1 2  h r s .  
14  h r s .  
E x t r a  system usage by IIASA 
s t a f f :  
Chairman, t o  s e t  up 2 h r s .  
F a c i l i t a t o r  ( 2  h r s /  40 h r s .  p a r t i c i p a n t )  42 h r s .  
T o t a l  system usage:  
From IIASA 
( (5x14) +42) = 112 h r s .  
From USA (5x14) = 70 h r s .  
From USSR (5x14) = 70 h r s .  
From o t h e r  Europe 
(5x14 ) = 70 h r s .  
Disk s t o r a g e  (assuming approx- 
i m a t e l y  6 x 1 0 ~  c h a r a c t e r s  i n  a l l * ,  
s t o r e d  f o r  an av e r ag e  o f  two 
weeks : 
5 6x10 @ OS2 (est . )  p e r  1000 
c h a r a c t e r s  p e r  month, x 0 .5  mo.= 
Telephone c a l l s ,  10  min. each :  
t o  USA (5@0S260**) - 
t o  USSR (5@0S300***) - 
t o  o t h e r  Europe 
(5@OS135****) - 
T o t a l  c o s t :  
COST CALCULATIONS (0s) 
Computer and network c h a r g e s ,  Os/hr. ,  
est .  
, . -  
Value o f  p a r t i c i p a n t s  ' t ime 
bS/hr . ,  avg .  
* Based on same assumptions  a b o u t  t y p i n g  spped e t c . ,  a s  i n  A c t i v i t y  1. 
** Based on 1977 average  f o r  N e w  York and San F r a n c i s c o .  
***  Based on 1977 r a t e  t o  Moscow. 
**** Based on 1977 average  f o r  London and B e r l i n .  
A c t i v i t v  4. w i t h o u t  C A I T R  
(Same as A c t i v i t y  3 w i t h o u t  CAITR)  
@ T o t a l  c o s t :  
A c t i v i t y  5 ,  wi th  CAITR 
System usage ( p e r  p a r t i c i p a n t )  : 
F a m i l i a r i z a t i o n  2 h r s .  
Bas ic  usage 69 h r s .  
71 h r s .  
Ext ra  usage by IIASA s t a f f :  
3 a d m i n i s t r a t o r s  @ 
25 h r s .  75 h r s .  
F a c i l i t a t o r  (2  h r s . /  
p a r t i c i p a n t )  34 h r s .  
109 h r s .  
To ta l  system usage: 
From IIASA 
( (3x71) +lo91 = 322 h r s .  
From W .  European NMOs 
(5x71) = 355 hrs. 
From E. European NMOs 
(5x71) = 355 h r s .  
From USSR = 71 h r s .  
. From N. ~ m e r i c a n  NMOs 
(2x71) = 142 h r s .  
From Japan = 71 h r s .  
Disk s t o r a g e  (based on same 
assumptions a s  i n  A c t i v i t y  1 
excep t  f o r  having only  17 
p a r t i c i p a n t s ,  p l u s  56 e x t r a  
connect  h r s .  p e r  month by IIASA 
s t a f f  members) : 
approximately 4 . 5 ~ 1 0  5 
c h a r a c t e r s  added p e r  month and 
hence i n  s t o r a g e  a t  any given 
moment, @ OS2 p e r  100 
c h a r a c t e r s  p e r  month, x 6 mo. 
Telephone c a l l s  (10 min. each)  
Within Europe (11 @ O~190*)  = 
To N.  America (2  @ BS430**) = 
To Japan (1 @ OS860***) - 
T o t a l  cos t :  
COST CALCULATIONS (0s )  
Computer and network charges,  Os/hr. ,  
e s t  . 
Value of  p a r t i c i p a n t s '  t ime ,  
OS/hr., avg. 
9 w 
x (400+250) = 209,300 
x(400+250) = 230,750 
x (400+250) = 230,750 
x(500+250) = 53,250 
x(300+250) = 78,100 
x(400+250) = 46,150 
848,300 848,300 * ' 
5,400 
2,090 
* A s  i n  A c t i v i t y  1. 
** Based on 1977 average  f o r  New York and Ottawa. 
*** Based on 1977 r a t e  t o  Tokyo. 
A c t i v i t v  5 .  w i t h o u t  CAITR 
C i r c u l a r  l e t t e r s  s e n t  by IIASA: 
two p e r  week x 24 weeks = 
48,  @ OS1500 ( e s t .  c o s t  o f  
d i c t a t i o n ,  t r a n s c r i p t i o n ,  
d u p l i c a t i o n ,  a d d r e s s i n ? ,  m a i l i n g  
o f  14 c o p i e s )  
@ Other  l e t t e r s :  
25 from IIASA and 5  from each  
NMO g e r  week = 95, x 24 weeks 
= 2280, @ OS75* 
Te lex :  
26 from IIASA and 2  from each  
NMO p e r  week = 56, x 24 weeks 
= 1344, @ OS60 ( e s t . )  
Conference : 
Normal IIASA c o s t s  ( l o c a l  
t r a n s p o r a t i o n  e t c . )  
Value o f  NMO r e p r e s e n t a t i v e s '  
tl.me (14 r e p r e s e n t a t i . v e s  x 
( 3  days a t  confe rence  + 2 days  
t r a v e l i n g )  x  ( 8  working hours /  
day) x  (OS250/hr.) 
Value of IIASA p a r t i c i p a n t s '  
t ime ( 3 x 3 ~ 8 ~ 2 5 0 )  
Room and board f o r  NMO 
r e p r e s e n t a t i v e s  (14 r e p r e s e n t -  
at l ives x 4 n i g h t s  @ OS250 est . )  
Txavel c o s t s  ( a i r )  : 
from Europe (10 @ OS6365) 
COST CALCULATIONS (0s) 
72,000 
from USSR (1 @ OS9600) I 9,600 
from Japan (1 @ 38,340)  
Labor and c o s t s  f o r  t r a n s c r i b i n g ,  
e d i t i n g ,  d u p l i c a t i n g ,  and  
d i s t r i b u t i n g  p r o c e e d i n g s  
(assumed 50 pp ,  100 c o p i e s )  
T o t a l  c o s t :  
* A s  i n  A c t i v i t y  2. 
* *  Based on 1977 average  f o r  New York and Ottawa, h igh  and low s e a s o n s .  
